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Photosynthetic characteristics and leaf-water relations of 16 plant species belonging to different growth 
forms of mountain fynbos vegetation (South Africa) were investigated. Measurements were mainly performed 
at the dry border of fynbos after abundant winter rain in October 1983. Only the C3-mode of photosynthesis 
was found among the investigated plants. Light saturation of photosynthesis did not occur up to a photon flux 
density of 2 000 fLmol m-2 S-1. Maximum rates of photosynthesis of all investigated species ranged from 2.8 to 
12.7 fLmol m-2 S-1 with a mean of 5.6 fLmol m-2 S-1. For evergreen Proteaceae, leaf age markedly determined 
photosynthesis and water-use efficiency. Daily CO2 uptake per unit leaf area increased about 2.5-fold from 
young to mature leaves, while water-use efficiency increased maximally by 85%. Predawn water potential of 
all investigated plants ranged from 0.3 to 1.2 MPa and decreased, except for Rhus dissecta (2.7 MPa), until 
noon by only about 1 MPa. In all plants, leaf water potential recovered until sunset, indicating the abundance 
of water in the soil. Due to the absence of a marked water deficit in most plants no midday depression of leaf 
conductance was found. With the exception of the geophyte Dilatris corymbosa, maximum leaf conductance 
was generally low, ranging from 61 to 176 mmol m-2 S-1 and transpiration ranged from 2.2 to 9.2 mmol m-2 S-1 . 
Our results of either photosynthesis or leaf conductance do not show any difference corresponding with the 
clear classification into growth forms or families. Due to the low mineral and nutrient content of fynbos soils, ion 
content in the plants was low. Generally, potassium exceeded sodium content. Calcium occurred in traces 
only. For proteoid plants, inorganic ions account for 20-40% of the osmotic potential and for ericoid plants, 
70-90%. The results are discussed in comparison with other mediterranean vegetation and show that fynbos 
seems to have no exceptional position. 
Fotosintetiese eienskappe en blaar-waterverhoudings van 16 plantspesies wat tot verskillende groeivorms 
van bergfynbosplantegroei behoort, is ondersoek. Bepalings is hoofsaaklik op die droe rande van die fynbos, 
na oorvloedige winterreens in Oktober 1983, uitgevoer. Slegs die C3-tipe van fotosintese is by die ondersoekte 
plante gevind. Ligversadiging van fotosintese was afwesig tot op 'n fotofluxdigtheid van 2 000 fLmol m-2 S-1. 
Maksimum fotosintesewaardes by aile ondersoekte spesies het van 2.8 tot 12.7 fLmol m-2 S-1 gewissel met 'n 
gemiddelde van 5.6 fLmol m-2 S-1. Vir immergroen Proteaceae, het blaarouderdom 'n duidelike invloed op 
fotosintese en waterverbruikeffektiwiteit gehad. Daaglikse COropnames per eenheid blaaroppervlak het 
ongeveer 2.5-voud toegeneem van jong tot volwasse blare, terwyl waterverbruikeffektiwiteit maksimaal met 
85% toegeneem het. Voordagbreekwaterpotensiaal van aile ondersoekte plante het van 0.3 tot 1.2 MPa 
gewissel en, met uitsondering van Rhus dissecta (2.7 MPa) , het tot twaalfuur slegs met ongeveer 1 MPa 
afgeneem. In aile plante het die waterpotensiaal van die blare tot met sonsondergang herstel, wat 'n 
aanduiding is van die oorvloed van water in die grond. Weens die afwesigheid van 'n merkbare waterverlies in 
die meeste plante is geen afplatting van die blaarkonduksie gedurende die middag gevind nie. Met die 
uitsondering van die geofiet Dilatris corymbosa was maksimum blaarkonduksie oor die algemeen laag en het 
van 61 tot 176 mmol m-2 S-1 gewissel, terwyl transpirasie van 2.2 tot 9.2 mmol m-2 S-1 gewissel het. Ons 
resultate van nog fotosintese nog blaarkonduksie toon enige verskille aan wat met die duidelike klassifikasie in 
groeivorms of families ooreenstem. As gevolg van die lae mineraal- en voeding-inhoud van fynbosgrond, is 
die iooninhoud in die plante baie laag. Kaliuminhoud het oor die algemeen natriuminhoud oortref. Slegs spore 
van kalsium het voorgekom. Vir protea-agtige plante het anorganiese ione slegs 20-40% van die osmotiese 
potensiaal uitgemaak en vir erika-agtige plante, 70-90%. Die resultate word in vergelyking met ander 
mediterreense plantegroei bespreek en toon aan dat fynbos geen uitsonderlike posisie beklee nie. 
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Introduction 
There are five regions in the world which are character-
ized by a mediterranean type of climate i.e. cool and 
mostly humid winter and hot , dry summer. These 
regions are the coasts of the Mediterranean Sea, Cali-
fornia , Chile, southern and south-western Australia and 
the south-western Cape. The vegetation of these regions 
is referred to as macchia , chaparral, matorral, heath and 
fyn bos, respecti vel y. 
According to Kruger (1979a, b) fynbos can be divided 
into two true vegetation types: the mountain and the 
coastal fynbos. Both are known as a selerophyllous 
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shrubland and heathland with an exceptionally rich but 
isolated flora that forms a separate realm, the Capensis. 
Three growth forms, the ericoid shrubs, the restioid 
herbs and the proteoid shrubs predominate . 
The soils in which fynbos grows are sandy, acid and 
highly leached and have a very low nutrient content 
(Groves et at. 1983; Specht & Moll 1983). Fynbos plants 
often show two distinct growth periods, one during 
winter rain and the other during summer drought 
(Kruger 1979b). Despite extensive investigations of 
mediterranean climate vegetation like chaparral and 
macchia, little is known about photosynthesis of fynbos 
plants. Only Mooney et at. (1983) have briefly described 
the photosynthetic behaviour of four Pro tea species and 
two selerophyllous shrubs of the wet mountain fynbos 
near 10nkershoek. 
We did our measurements predominantly at the dry 
border of mountain fynbos in the northern Cedarberg 
area at the end of the winter after exceptionally high 
rainfall. At the same site Miller et at. (1983) followed 
leaf conductance and leaf water potential for a greater 
number of different fynbos plants. These authors conclu-
ded that fynbos at the dry border most closely resembles 
chaparral with respect to soil water balance and plant 
water use characteristics. 
Due to the existing information of some parameters of 
the water status and the lack of any other ecophysiolog-
ical measurement, we chose the Cedarberg area of dry 
mountain fynbos for more detailed studies of photosyn-
thetic characteristics, water relations, leaf conductance, 
and ion content and its contribution to osmotic potential. 
Our investigation covers the whole spectrum of growth 
forms that was available at one site . 
With the presented screening, we contribute to a 
better insight into some characteristics of dry mountain 
fynbos vegetation but only of the wet season. Neverthe-
less, the results obtained for photosynthesis and water 
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relations allow a first comparison with the vegetation of 
other regions with mediterranean climate. 
Materials and Methods 
The investigations were performed in October 1983 at 
the Swartboskloof near 10nkershoek and extensively in 
the Cedarberg area near Algeria, South Africa. A detail-
ed description of the areas and the long-term climate is 
given by Miller et at. (1983). In the Cedarberg, experi-
ments were performed on the same species as were 
investigated by Miller et at. (1983). All plants are listed 
in Table 1. 
Photosynthesis and transpiration were measured by a 
C02/H20 porometer (Fa. Walz, Effeltrich, FRG) as 
described by Schulze et at. (1982). This means that direct 
sunlight always fell perpendicularly on the leaf blade. 
Leaf-to-air water vapour pressure gradient (~W) was 
calculated from leaf temperature, cuvette temperature 
and relative air humidity, leaf conductance to water 
vapour (g) from transpiration and ~ W. Both rate of 
water vapour exchange and CO2 exchange were related 
to total leaf surface area. Leaf area was determined with 
aLI-COR areameter (model 3100) from paper tracing of 
the leaves. The surface area of the ericoid leaves was 
determined by using a modified Ballutini method as 
described by Davis & Beneke (1980). 
Light response curves were performed after photon 
irradiance had reached its maximum. By that time leaf 
conductance and photosynthesis were also at a maxi-
mum . Photon flux density was lowered by placing 
neutral glass plates on top of the assimilat~ng chamber. 
Photosynthetic active photon flux density (PAR) was 
measured by a quantum sensor. Internal CO2 partial 
pressure (p;) was calculated from leaf conductance to 
water vapour and net photosynthesis after von Caem-
merer & Farquhar (1981). Water potentials (I\Jt) of cut 
leaves or small twigs were determined by means of a 
pressure chamber. 
Table 1 List of all investigated plants of wet mountain fynbos (Swartboskloof) and dry 
mountain fynbos (Cedarberg), respectively 
Proteoid 
Ericoid 
Restioid 
Sclerophyllous 
Herb 
Geophyte 
Cedarberg 
Leucadendron pubescens R. Br. (Proteaceae) 
Paranomus bracteolaris Salisb. ex Knight 
(Proteaceae) 
Pro tea laurifolia Thunb. (Proteaceae) 
Diosma oppositifolia L. (Rutaceae) 
Elytropappus gnaphaloides (L.) Levyns 
(Asteraceae) 
Rafnia capensis Schinz. (Fabaceae) 
Cannomois acuminata Pillans (Restionaceae) 
Rhus dissecta Thunb. (Anacardiaceae) 
Salvia sp. (Labiatae) 
Dilatris corymbosa Berg. (Iridaceae) 
Swartboskloof 
Leucadendron sa/ignum Berg. (Proteaceae) 
Pro tea neriifolia R. Br. (Proteaceae) 
Protea nitida Mill. (Proteaceae) 
Protea repens (L.) L. (Proteaceae) 
Protea acau/os (L.) Reich. (Proteaceae) 
Erica sp. (Ericaceae) 
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Figure 1 Diurnal course of air temperature, water vapour 
pressure deficit of the air (VPD) and vertical photosynthetic 
active radiation flux (PAR) on a typical day of the measuring 
period (represented by Oct. 6) and on a berg-wind day (Oct. 8) 
at Algeria (Cedarberg, South Africa). 
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Parallel to the measurement of photosynthesis and 
transpiration , samples were taken for determination of 
leaf water content. Leaves were dried to constant weight 
at 95°C. The dried leaves were ground and extracted 
with water at 90°C for half an hour. In these extracts 
Na +, K+ and Ca2+ were determined by flame 
photometry, Ct by an automatic chloride titrator, and 
malic and citric acids by an enzymatic procedure. 
Results 
We started our measurements at the Cedarberg area , 2 
days after an abundant rainfall of more than 50 mm in 3 
days , at the beginning of a fine weather period . During 
the following 12 days neither climatic factors nor the 
measured reactions of the plants changed markedly. 
Only a berg wind, typical of winter in this area (von 
Willert et al . 1985), blew for 2 days during the next week 
and caused a slight, but only temporary, disturbance. 
Consequently the results of one fine day are represen-
tative of the whole period and we focus additionally on 
the second day of the berg wind and its effects on the 
plants. Figure 1 compares air temperature , VPD and 
solar radiation of the second day of the berg wind with 
that of a representative fine day. On the day of the heat 
storm, mean air temperature between sunrise and sunset 
was 29.3°C and therefore 6°C higher than on a fine 
day. Mean VPD was 23.8 mPa Pa- 1 on a fine day and 
30.5 mPa Pa-1 on the berg-wind day . Mean values of 
temperature and VPD of the other days (not shown) 
Table 2 Ranges of maximum rate of photosynthesis, leaf conductance, 
predawn leaf water potential and minimum leaf water potential during the day 
of a" investigated species at the Cedarberg area. Plants are grouped 
according to their growth form 
Proteoid 
Leucadendron pubescens 
Paranomus bracteolaris 
young leaf (1983) 
old leaf (1982) 
Protea laurifolia 
(different leaf ages) 
Ericoid 
Unknown species 
Diosma oppositifolia 
Elytropappus gnaphaloides 
Rafnia capensis 
Sclerophyllous 
Rhus dissecta 
Herb 
Salvia sp. 
Restioid 
Cannomois acuminata 
Geophyte 
Dilatris corymbosa 
Max. photosynthesis Leaf conductance l\J, predawn l\J, min 
,..,.mol m·2 m·1 mmol m·2 S· I -MPa -MPa 
3.9-5.0 
2.81-3.68 
6.42-6.82 
3.6-9.7 
2.9-3 .3 
4.3-5.1 
5.7-6.9 
4.9 
4.2-6 .7 
5.5 
2.8-8.2 
12.7 
70-100 
68-88 
116-153 
89-157 
61-69 
107-176 
85-119 
83 
75-125 
91 
89-139 
226 
0.3-0.4 
] 0.55 
0.4-0.5 
0.5 
1.2 
0.6-0.9 
0.4 
0.7-0.8 
0.7 
0.7 
0.5 
1.1-1.4 
1.2-1.3 
1.4 
2.1 
1.9-2.0 
1.5 
3.0-3.4 
2.0 
1.3-1.5 
2.0 
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never deviated by more than ±0.5 from the represen-
tative fine day. 
Photosynthesis, leaf conductance, transpiration and 
leaf water potential 
Table 2 lists the ranges of maximum rates of photosyn-
thesis, leaf conductance, predawn water potential and 
minimum water potential of the plants investigated at 
the Cedarberg area. Measurements were done either on 
different specimens or the same specimen on different 
days. Plants were classified according to their growth 
form (see Table 1). Mean maximum photosynthesis of 
all investigated plants was 5.6 /-Lmol m-2 S-I. Within the 
proteoid group maximum photosynthesis ranged from 
2.8-9.7 /-Lmol m-2 S-I. This corresponds well with the 
range of 3-14 /-Lmol m-2 S-I given by Mooney et al. 
(1983) for four different Pro tea species. One must 
however consider that the latter rates were measured in 
wet mountain fynbos and at 21 DC which was about 10° 
below ambient air temperature. 
Mooney et al. (1983) also reported that light satur-
ation occured at intensities below 1 000 /-Lmol photons 
m-2 S-I which to their opinion (Mooney 1981) is a general 
feature of evergreen sclerophylls in mediterranean 
climates. Extensive measurements of light-response 
curves of all investigated plants could not substantiate 
this generalization. Even at maximum incident radiation 
of 2000 /-Lmol m-2 S-I, photosynthesis was not saturated. 
Representative examples of light-response curves for the 
different growth forms are presented in Figure 2. That 
acclimation might be involved in light response, as it was 
proposed by Pearcy & Ehleringer (1984), is supported by 
the data shown in Figure 2 for the sclerophyllous Rhus 
dissecta. The specimen growing in the shade of a tall 
Protea exhibited light saturation of photosynthesis at 
about 1 000 /-Lmol photons while photosynthesis of the 
specimen in an open area was not saturated up to 2 000 
/-Lmol photons. 
A pronounced midday depression of photosynthesis 
and leaf conductance was only found on the second day 
of the berg wind and only for three plants, Salvia sp., 
Rafnia capensis and Rhus dissecta. The daily courses of 
photosynthesis, transpiration, leaf conductance, leaf 
water potential and internal CO2 concentration of these 
three plant species together with representative plant 
species of other growth forms that showed no response 
to the berg wind are compiled in Figure 3a and b. Photo-
synthesis prior to midday depression was always higher 
than in the afternoon. This cannot be due to the water 
status of the plant as the leaf water potential was the 
same in both phases. Increasing d W together with 
increasing temperature are apparently more important 
in controlling photosynthesis. The lower rate of photo-
synthesis in the afternoon cannot result from a limiting 
stomatal opening as the internal CO2 concentration did 
not change (Tenhunen et al. 1984). Regardless of the 
occurence of a midday depression, maximum photo-
synthesis always coincided with lowest internal CO2 
(Figure 3a & b). This low internal CO2 level remained 
fairly constant until late afternoon. 
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Figure 2 Light-response curves of six plant species from dry 
mountain fynbos. 
There was a tendency in many plants to gradually 
diminish leaf conductance after a morning maximum at 
about lOhOO. Similar findings were reported for the 
chaparral (Calkin & Pearcy 1984). Although Dilatris got 
sun only in the morning and Cannomois only in the 
afternoon, leaf conductance of both plants peaked at the 
same time in the morning indicating that light intensity is 
not the only factor responsible for stomatal aperture. 
For most of the plants, leaf conductance decreased with 
increasing d W (Schulze & Hall 1982). Diosma and Rhus 
are representative examples for that (Figure 4). Excep-
tions to this generalization were Leucadendron pubes-
cens (Figure 4) and Paranomus bracteolaris (not shown), 
where even an increase of d W of 20 mPa Pa-1 did not 
cause stomatal closure. For all plants, increasing leaf 
conductance at constant d W in the morning correlated 
with declining internal CO2 concentration. 
In all plants investigated, and regardless of tempera-
ture and VPD, water potential started to recover with 
decreasing transpiration early in the afternoon, and 
predawn values were already reached at sunset. 
Therefore, the high predawn potentials (Table 2) and 
the fact that they remained unchanged throughout the 
whole measuring period, demonstrate the ample availa-
bility of water in the soil, even during and after the heat 
storm. The observed recovery of the water potential in 
the early afternoon in Elytropappus gnaphaloides and 
Rhus dissecta might result from reduced transpiration as 
was suggested by Losch et al. (1982) and Turner et al. 
(1984). The most pronounced diurnal oscillation in leaf 
water potential was exhibited by Rhus dissecta (Figure 
3a & b). Pool et al. (1981) reported that lowest water 
potentials of Californian Rhus species ranged from -2 to 
-2.5 MPa. Maximum leaf conductance of those species 
ranged between 92 and 112 mmol m-2 S-I. Despite these 
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Figure 3 Diurnal course of leaf net CO2 exchange (A), internal CO2 partial pressure (Pi), transpiration (E), total leaf 
conductance for water vapour (g) and leaf water potential (IVt) of eight representative species belonging to the different growth 
forms of dry mountain fynbos (Cedarberg). Curves of either a 'normal' day (Oct. 6) or of the second day of a berg wind (Oct 8) are 
presented. 
differences in leaf water potential, maximum rate of 
photosynthesis of the chaparral Rhus species corres-
ponds to that of the fynbos (Figure 2) . Maximum photo-
synthesis of Rhus ovata from the chaparral was 1.26 
!-lmol m-2 S·l in Oct and 9.7 !-lmol m-2 S-1 in August 
(Dunn 1975). 
Interrelation between photosynthesis , transpiration, leaf 
conductance and leaf water potential 
For all investigated plants the ratio of transpiration to 
photosynthesis changed in a direct manner. This and 
plots of photosynthesis and transpiration versus leaf 
conductance for four representative species belonging to 
different growth forms are shown in Figure 5. A rather 
good linearity between these variables was obtained for 
Rafnia capensis and additionally for Leucadendron 
pubescens and Paranomus bracteolaris (both not shown) . 
In cases of deviation from linearity , leaf conductance 
was lower in the afternoon although photosynthesis was 
nearly unchanged . Especially for Salvia sp. (Figure 5) 
S.Afr.J. Bot., 1989,55(3) 293 
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Figure 3 Continued 
and Cannomois acuminata (not shown) leaf conductance 
decreased substantially during the day (=39%) with no 
significant change in photosynthesis or transpiration. 
This indicates that in the morning, stomata were open 
wider than necessary for the observed photosynthesis 
(Williams 1983). 
A plot of leaf conductance versus leaf water potential 
reveals curves with very different slopes (Figure 6) but 
shows clearly that maximum leaf conductance declined 
with decreasing leaf water potential. Several species, 
here represented by Rhus dissecta, exhibited a hysteresis 
pattern which was independent of the minimum leaf 
water potential. Similar hysteretic curves have been 
reported by Roberts et al. (1981) for plants from the 
chaparral. 
Three different phases of the hysteretic curve can be 
distinguished (Korner et al. 1985) . Phase 1 describes 
early morning stomatal opening which is due to increas-
ing light intensity (and temperature?) causing a rapid 
drop in leaf water potential. During phase 2 leaf water 
potential stays relatively constant for 3 to 5 hours while 
leaf conductance decreases with increasing !J. W (com-
pare Figure 4 and Figure 6 for Rhus dissecta). The 
suggestion that this might be partially due to increasing 
internal CO2 concentration (Korner et al. 1985) is not 
supported by our findings, as the internal CO2 concen-
tration during this phase was fairly constant. Phase 3 is 
characterized by a steady recovery of leaf water 
potential. 
The apparent water use efficiency of mature leaves of 
proteacean species at the Cedarberg site ranged between 
0.6 and 2.7 !-lmol (C02/mmol H 20. A comparison with 
proteoid species at the Swartboskloof (Table 1) demon-
strates the effect of temperature and !J. W. With a maxi-
mum of 24°C and 17 mPa Pa- I , 1.3 to 5.3 !-lmol CO2 per 
mmol H20 were obtained. These data correspond to that 
reported by Mooney et al. (1983) for similar plants and 
comparable conditions. 
Chemical composition 
Due to the interrelations between ion content and plant 
water status we want to give a short summary of our 
results . Figure 7 shows a pronounced selectivity for 
inorganic ions among the investigated species. The 
Proteaceae have the lowest amounts of inorganic ions, 
with potassium slightly higher than sodium and only 
traces of free calcium. The virtual decrease of the 
content of ions during ageing in Protea leaves is caused 
by the drastic increase in the degree of selerophylly. 
With few exceptions, potassium dominated in all plants. 
Cannomois acuminata contained significant amounts of 
sodium and chloride. 
Within the Proteaceae, inorganic ions account for only 
20--40% of the osmotic potential, indicating that other 
relevant osmotically active compounds must occur, but 
nothing is known about their nature. In the ericoid 
species, 7{}--90% of the osmotic potential is contributed 
by inorganic ions. Plants of the other growth form 
groups behave similarly to the ericoids. Some of the 
measured plants have considerable amounts of citric 
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difference (~W) and total leaf conductance for water vapour 
(g) for three species from dry mountain fynbos. Data encom-
pass the .whole observation time . Arrows inform about the 
chronological order. 
and/or mallic acid (Table 4), but their contribution to the 
osmotic potential is negligible. 
Daily means of the osmotic potentials of the investi-
gated plants differ significantly from each other, ranging 
from --0.9 to -2.9 MPa (Table 4). Walter & van Staden 
(1965) found \(IlT values of -1.3 to -1.5 MPa for Protea-
ceae and -1.2 to - 1.5 MPa for Restionaceae . 
Influence of leaf age 
Typical branching or inflorescence pattern allow an 
unequivocal determination of leaf age for the Protea-
ceae. Mostly three, sometimes four complete year 
classes of leaves occur at one time . The contribution of 
the various leaf ages to overall carbon and water fluxes 
was investigated for Pro tea laurifolia, Pro tea nitida and 
Paranomus bracteolaris . Results for the two Cedarberg 
species are given in Table 3. The dissected leaves of 
Paranomus bracteolaris as well as the oblong leaves of 
the two Proteas are initially soft and hairy but become 
stiff and tough in the second year. This is accompanied 
by a marked increase in the degree of selerophylly 
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Figure 5 A: Relationship between photosynthesis and trans-
piration ; B: relationship between photosynthesis and leaf 
conductance; C: relationship between transpiration and leaf 
conductance for four selected species belonging to different 
growth forms of dry mountain fynbos. The direction of the 
daily course is indicated by arrows. 
(Table 3) . Generally , photosynthesis and transpiration 
increased with maturation of the leaves in proteoid 
species. One example is given for Paranomus bracteo-
laris in Table 2. A more detailed analysis of the daily 
course of photosynthesis, transpiration and leaf conduc-
tance is presented in Figure 8 for Protea laurifolia . In the 
soft , more malacophyllous young leaf, water use 
efficiency was substantially lower than in mature 
selerophyllous leaves. 
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Figure 6 Relationship between leaf conductance and leaf 
water potential of three representative species of dry mountain 
fynbos . Data were taken from the diurnal courses. For Rhus 
dissecta direction is indicated by arrows . 
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Content in jJmol.g - l dry matter 
Plant species 
Proteoid 
Leucadendron pubescens old 
Leucadendron saligrum 
Paranomus bracteolaris young 
old 
Protea acaulos 
Protea launfolia very young 
medium age 1983 
1982 
1981 
Protea nerllfolia young 
medium age 
old 
Protea repens young 
medium age 
old 
Sclerophyll 
Rhus dissecta 1 
Rhus dissecta 2 
Ericoid 
Elytropappus gnaphaloides 1 
Elytropappus gnaphaloides 2 
Enca spec. 
Diosma oppositifolia 
Rafnia capensis 
Her b 
Salvia spec. 
Restioid 
Cannomois acuminata 
Geophyte 
Dilatris coryrrtJosa 
water in % 
Na+ Ca2+ of dry matter 
o 
150 300 
o 
150 300 450 
o o 
Figure 7 Water content in % of dry matter and content of inorganic ions in leaves of the investigated plants of the Swartboskloof 
(wet mountain fynbos) and the Cedarberg (dry mountain fynbos) . 
Discussion 
All investigated plants of the fynbos follow the C3 mode 
of photosynthesis which, regardless of the growth form, 
dominates also in all other areas with mediterranean 
climate (Ehleringer & Mooney 1983). Due to the high 
radiation in the Cedarberg area, it is not surprising that 
the plants growing there show no light saturation of 
photosynthesis . In this respect our results contradict 
those of Mooney (1981), Mooney et al. (1983) and 
Oechel et al. (1981) . They state that photosynthesis of 
South African shrubs and sclerophyllous plants of other 
areas with a mediterranean climate is saturated at low 
Table 3 Degree of sclerophylly, CO2 balance, water balance and water use 
efficiency (ratio of photosynthesis to transpiration) in relation to leaf age for Pro tea 
laurifolia and Paranomus bracteolaris 
Degree of sclera- CO2 balance (A) H 20 balance (E) A:E 
Plant species phylly g dm-2 mmol m·2 12 h· 1 mol m·2 12 h· 1 mmol mol" 
Protea laurifolia 
very young leaf (1983) 1.7 82 99 0.8 
medium-aged leaf (1983) 1.9 184 151 1.2 
old leaf (1982) 4.1 194 129 1.5 
old leaf (1981) 4.6 206 141 1.5 
Paranomus bracteolaris 
young leaf (1983) 1.4 59 44 1.3 
old leaf (1982) 2.5 153 105 1.5 
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Table 4 Content of malate, citrate and the mean daily 
osmotic potential of the cell sap of all investigated 
species from wet and dry mountain fynbos 
Content in fLmol g-I -MPa 
Malate Citrate tjJ»hp (mean) 
Proteoid 
Leucadendron salignum 12.1 1.3 
Leucadendron pubescens 29 .2 17.8 2.0 
Paranomus bracteolaris 21.5 11.7 1.5 
Pro tea neriifolia 23.0 1.2 
Pro tea nitida 22.9 1.0 
Pro tea repens 94.0 1.7 
Protea acaulos 61.0 2.7 
Pro tea laurifolia 34.8 20.1 2.0 
Ericoid 
Diosma oppositifolia 87.8 55.8 2.0 
Elytropappus gnaphaloides 43.4 27.1 2.1 
Rafnia capensis 32.5 45.7 1.7 
Erica sp. 22.0 0.9 
Sclerophyllous 
Rhus dissecta 35.4 20.9 2.5 
Herb 
Salvia sp. 47.4 48.7 2.9 
Restioid 
Cannomois acuminata 43.4 20.7 1.9 
Geophyte 
Dilatris corymbosa 92.4 10.2 1.6 
light intensities. Very recent additional measurements of 
light response curves at various fynbos sites never 
showed light saturation of photosynthesis in the natural 
habitat (Herppich et al., unpublished) . 
Photosynthesis of species in the dry fynbos is relatively 
insensitive to temperature , as the berg wind failed to 
alter it. This agrees with Mooney et al. (1983) and 
supports their generalization that this is a feature of 
plants growing in a mediterranean climate. The mean 
rate of photosynthesis of evergreen Proteaceae with 
abundant water supply was 5.4, that of all investigated 
fynbos plants was 5.6 jJ.mol m-2 S-l. These values are far 
below those of comparable regions with a mediterranean 
climate, for which Mooney (1981) gave values of 8 jJ.mol 
m-2 S-1 for evergreen and 15 jJ.mol CO2 m-2 S-I for 
deciduous plants, respectively. On the other hand, our 
data agree well with those reported by Oechel et al. 
(1981) for the chaparral and matorral. The mean maxi-
mum rate of photosynthesis of four evergreen species 
from Echo valley (California) was 5.3 jJ.mo] m-2 s-l, and 
6.8 jJ.mo] m-2 S-1 for two drought-deciduous and two 
evergreen species at Fundo Santa Laura (Central Chile). 
Both places receive about 500 mm rain per year which is 
slightly more than at the Cedarberg area. Determination 
of maximum photosynthesis of well-watered selerophyl-
lous species from the macchia of Portugal revealed rates 
from 1.5 to 7.0 jJ.mol m-2 S-l when measured in a growth 
chamber under simulated summer day conditions of 
S.-Afr.Tydskr. Plantk. , 1989, 55(3) 
Portugal (Lange et al. 1982) . 
Due to the choice of our measuring site at the dry 
border of fynbos , only a limited number of species could 
be investigated which does not allow an extensive 
comparison of the different growth forms . Nevertheless, 
the data of photosynthesis , transpiration and leaf 
conductance overlap (Table 2) and show no significant 
differences between the classified species. Only the 
geophyte Dilatris corymbosa can be distinguished from 
all other growth forms by its highest values . Clear 
differences in leaf conductance between proteoid , 
ericoid and restioid plant species which were reported by 
Miller et al. (1983) could not be verified. It is possible 
that the different climatic prehistory as well as different 
methods and equipment used might be responsible for 
this discrepancy . 
The only clear difference between the given groups is 
exhibited in leaf water potential which supports the 
finding of Miller et al. (1983). Highest but least variable 
leaf water potential is found in the proteoid species 
(Table 2) reflecting the most balanced water status of the 
Proteaceae (Walter & van Staden 1965). This is also 
supported by the diurnal courses of leaf conductance of 
the two Proteaceae, Leucadendron pubescens and 
Paranomus bracteolaris. 
If based on leaf area, photosynthetic capacity and 
water use efficiency of evergreen sclerophyllous species 
increase with maturation during the first year. There-
after they remain at a rather constant level but decline 
with the onset of senescence. On a dry-weight basis the 
converse is true. Similar tendencies have been reported 
for spruce (Lange et al. 1985; Schulze et al. 1977) . 
There is still a controversy about midday depression of 
photosynthesis , transpiration and leaf conductance. Our 
results contribute only little to this discussion. With 
increasing duration of berg wind conditions (i .e . increas-
ing atmospheric drought) only three plants , Rafnia 
capensis, Rhus dissecta and Salvia sp . temporarily 
developed a significant midday depression (see Figure 3a 
& b). This might indicate species specific reactions of the 
stomata to changes in the environment, as has been 
found by Lange et al. (1982), or perhaps reflect diffi-
culties in water harvesting (shallow rooting system, low 
competitive force). Rhus species from the chaparral 
increased the sensitivity of the stomata when the leaf 
water potential dropped below -2 MPa (Oechel et al. 
1981). Mooney et al. (1975) stated that midday 
depression in Heteromeles arb uti folia is due to leaf water 
potential, while Schulze et al. (1974) emphasized that for 
Prunus armeniaca, temperature and relative air humidity 
control midday depression. The latter view is further 
strengthened by recent investigations with Arbutus 
unedo and Quercus ilex (Tenhunen et al. 1980, 1981 , 
1982). Due to these investigations, it has been estab-
lished that midday closure of stomata is widely distrib-
uted among evergreen macchia vegetation during hot 
and dry summers . Plants of other regions with a mediter-
ranean climate behave similarly but in the chaparral and 
matorral midday depression is less pronounced (Lange et 
al. 1982) . Miller's screening of fynbos vegetation in 
spring, summer and autumn did not show any sign of 
S.Afr.J. Bot. , 1989, 55(3) 
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Figure 8 Diurnal course of photosynthesis , transpiration and leaf conductance for four different-aged leaves of Protea laurifolia . 
A: Youngest measurable still-growing leaf of the leaf year class 1983; B: first fully expanded leaf of 1983; C: same position as B but 
leaf from 1982; D : same position as B but leaf from 1981. 
significant reduction of stomatal conductance during 
noon , which is generally evidenced by our investigations , 
We look upon our investigaton as a first approach in 
studying the photosynthetic characteristics of fynbos in 
the natural habitat. Nevertheless , the presented data for 
plants of mountain fynbos in the wet season after good 
winter rain and those reported by Miller et ai. (1983) for 
the same region and the same plant individuals during 
summer drought allow a preliminary comparison with 
other mediterranean vegetation and show that mountain 
fynbos does not have an exceptional position. It must 
however be pointed out that additional investigations 
during summer drought and in coastal fynbos are 
required before a final picture can be drawn . 
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